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DETAILED ACTION 

This action is in response to Amendments and remarks filed on September 2, 2003. Claims 1-9, 
1 1-19, 27, and 28 are currently pending. 



Claim Rejections - 35 USC 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that fonn the 

basis for the rejections under this section made in this Office action: 
A person shall be em it led to a patent unless - 

(b) the inventitm was patented or described in a printed publication in this or a tbreign amnlry or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

2. Claims 14-19 and 28 are rejected under 35 U.S.C. 102(b) as being anticipated by Nozaki 
et al. US Patent No. 4,677,289. 

Regarding Claim 14, Nozaki et al. teach (see Fig. 4) a sensor, comprising a first two- 
color photo-detector (42B, 42G) sensitive to a first total wavelength range (blue + green), said 
first two-color photo-detector having a first photo-detector element (42B) capable of absorbing 
light within a first range ot wavelengths (blue) of said first total wavelength range and a second 
photo-detector element (42G) capable of absorbing light within a second range of wavelengths 
(green) of said first total wavelength range, said first photo-detector element being in an elevated 
relation with said second photo-detector element (see Fig. 4), and a first dielectric layer (44G) 
between said first photo-detector element and said second photo-detector element, a second two- 
color photo-detector (42R, 42IR) having a third photo-detector element (42R) in an elevated 
relation with a fouith photo-detector element (42IR), said second two-color photo-detector being 
sensitive to a second total wavelength range (red + infrared) different fi'om said first total 
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wavelength range, and a second dielectric layer (441 R) between said third photo-detector element 
and said fourth photo-detector element. 

Regarding Claim 1 5, Nozaki et al. teach (see Fig. 4) a substrate (44R), said second photo- 
detector element formed within said substrate. 

Regarding Claim 16, Nozaki et al. teach said first photo-detector element formed of 
amophous silicon (see Col. 9, Hnes 7-9) having a thickness selected to absorb light within said 
first range of wavelengths (see Col. 9, lines 61-66), said second photo-detector detecting light 
within said second range of wavelengths passed by said first photo-detector element (see Col. 9, 
lines 43-51). 

Regarding Claims 17 and 18, Nozaki et al. teach (see Fig. 4) a color filter (46) in an 
elevated relation with said first photo-detector element, said color filter absorbing light within a 
third range (infi ared) of wavelengths and passing light within said first and second range of 
wavelengths (see Col. 8, lines 40-43) and a transparent metal conductor layer (44B) between said 
color filter and said first photo-detector element. 

Regarding Claim 1 9, Nozaki et al. teach (see Fig. 4) circuitiy (54) for driving said first 
and second photo-detector elements, said first photo-detector element being in an elevated 
relation with said circuitry. 

Regarding Claim 28, Nozaki et al. teach said first photo-detector element formed of 
amorphous silicon (see Col. 9, lines 7-9) having a first thickness selected to absorb light within 
said first range of wavelengths (see Col. 9, lines 61-66) and said third photo-detector element is 
formed of amoiphous silicon having a second thickness selected to absorb light within a third 
range of wavelengths. 
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Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A paicni nuiy not be obtained though llie invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would haw been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was rruide. 

4. Claims 1-9, 11-13, and 27 ai'e rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nozaki et al. in view of Yokota ct al. UK Patent Application No. 2,166,289. 

Regarding Claims 1-9, 12, and 27, Nozaki et al. teach (see Fig. 4) a sensor, comprising a 
first two-color photo-detector (42B, 42G) sensitive to a first total u^avelength range (blue + 
green), having a first photo-detector element (42B) capable of absorbing light w^ithin a first range 
of wavelengths (blue) of said first total wavelength range and a second photo-detector element 
(42G) capable of absorbing light within a second range of wavelengths (green) of said first total 
wavelength range, said first photo-detector element being in an elevated relation with said 
second photo-detector element, and a second two-color photo-detector (42R, 42IR) having a 
third photo-detector element (42R) in an elevated relation with a fourth photo-detector element 
(42IR), said second two-color photo-detector being sensitive to a second total wavelength range 
(red + infrared) different fi'om said first total wavelength range. Regarding Claim 2, Nozaki et 
al. teach (see Fig. 4) a substrate (44R), said second photo-detector element formed within said 
substrate. Regarding Claim 4, Nozaki et al. teach said first photo-detector element formed of 
amorphous silicon (see Col. 9, lines 7-9) having a first thickness selected to absorb light within 
said first range of wavelengths (see Col. 9, lines 61-66) and said third photo-detector element is 
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formed of amoiphous silicon having a second thickness selected to absorb light within a third 
range of wavelengths. Regarding Claiins 5 and 6, Nozaki et al. teach said first and second 
photodetector elements as PIN photodiodes (see Col. 9, lines 7-9). Regarding Claims 7 and 8, 
Nozaki et al. teach a color filter (46) in an elevated relation with said first photo-detector 
element, said color filter absorbing light within a third range of wavelengths and passing light 
within said first and second range of wavelengths and a transparent metal conductor layer (44B) 
between said color filter and said first photo-detector element. Regarding Claim 9, Nozaki et al. 
teach (see Fig. 4) circuitry (54) for driving said first and second photo-detector elements, said 
first photo-detector element being in an elevated relation with said circuitry. Regarding Claim 
28, Nozaki et al. teach said first photo-detector element formed of amorphous silicon (see Col. 9, 
lines 7-9) having a first thickness selected to absorb light within said first range of wavelengths 
(see Col. 9, lines 61-66) and said third photo-detector element is formed of amorphous silicon 
having a second thickness selected to absorb light within a third range of wavelengths. 
Regarding Claim 12, Nozaki et al. teach said third photo-detector element capable of 
accumulating charge upon reception of light within a third range of wavelengths (red) and said 
fourth photo-detector element capable of accumulating charge upon reception of light within a 
fourth range of wavelengths (infrared). Nozaki et al do not teach said first photo-detector 
element being electrically isolated fi*om said second photo-detector element and said third photo- 
detector element being electrically isolated fiom said fourth photo-detector element, using a 
dielectric layer. Yokota et al. teach (see Figs. 1 and 2) a sensor comprising a first two-color 
photo-detecior sensitive to a first total wavelength range (see Fig. 3), having a first photo- 
detector element (PDl- (28, 29, 30)) (see Page 3, lines 44-48) capable of absorbing light within a 
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first range of wavelengths (see Page 3, lines 56-60) of said first total wavelength range and a 
second photo-detector element (PD2- (22, 23, 24)) capable of absorbing light within a second 
range of wavelengths (see Page 3, lines 60-62) of said first total wavelength range, said first 
photo-detector element being in an elevated relation with the second photo-detector element, the 
first photo-detector element being electrically isolated (see Fig. 2 and insulating film (26) in Fig. 
1) from said second photo-detector element, and a dielectric layer (26) between said first photo- 
detector element and said second photo-detector element, said dielectric layer electrically 
isolating said first photo-detector element fi*om said second photo-detector element. It would 
have been obvious to one of ordinary skill in the art at the time the invention was made to 
electrically isolate the top photo-detector element from the bottom photo-detector element as 
taught by Yokota ct al in the sensor of Nozaki et al., to reduce electrical interference and 
increase individual detector sensitivity. 

Regarding Claim 1 1 , Nozaki et al. in view of Yokota et al. teach the sensor in Claim 1 , 
according to the appropriate paragraph above. Nozaki et al. also teach a color filter (46) in an 
elevated relation with said first photo-detector element, said color filter absorbing light within a 
third range of wavelengths and passing light within said first and second range of wavelengths. 
Nozaki et al. do not teach a second color filter in an elevated relation with said third photo- 
detector element, said second color filter absorbing light within either said first or second ranges 
of wavelengths and passing light within said third range of wavelengths and passing light within 
either said first or second ranges of wavelengths not absorbed by said second color filter. It is 
well known in the art to include filter layers in a semiconductor structure to filter out extraneous 
light. It would have been obvious to one of ordinary skill in the art at the time the invention was 
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made to provide a second color filter on top of the second photo-detector element (42G) 
absorbing light in the first range (blue) of wavelengths, passing light in the third range (red + 
infrared) of wavelengths, and passing light within said second range (green) of wavelength in the 
sensor of Nozaki et al. in view of Yokota et al., to remove any residual blue light not absorbed by 
the first photo-deteclor element (42B) to prevent its interference with the remaining three photo- 
detector elements, to decrease noise in the outputs of the remaining three photo-detector 
elements. 

Regarding Claim 13, Nozaki et al. in view of Yokota et al. teach the sensor in Claim 1, 
according to the appropriate paragraph above. Nozaki et al. also teach the first, second, third, 
and fourth photo-detector elements generating first, second, third, and fourth color values, 
respectively (see Col. 9, lines 10-16 and Fig. 1). Nozaki et al. do not teach a third and fourth 
two-color photo-detector having the same wavelength sensitivities as the first two-color photo- 
detector. It is well known in the art to use multiple photo-detectors in an array to detect an 
optical image or pattern. It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to include two additional structures of Nozaki et al (Fig. 4) placed 
adjacent to each other, each photo-detector element producing different color values, in the 
sensor of Nozaki et al. in view of Yokota et al, to capture a colored visual image or multi- 
dimensional pattern by using multiple adjacent detectors in an an^ay. 

Response to Arguments 
5. Applicant s arguments filed September 2, 2003 have been fully considered but they are 
not persuasive. 
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6. Applicant's arguments with respect to claims 1-9, 11-19, 27, and 28 have been considered 
but are moot in view of the new ground(s) of rejection. 

Regarding Applicant's arguments on the Nozaki et al. reference, Applicant argues that 
Nozaki et al. does not teach a color filter, as "color" is a property of visible light. Examiner 
asserts that a "color filter" is a general terni describing the filtering of electromagnetic 
wavelengths of light and is not limited to the visible spectrum. Examiner further submits the 
definition of "color filter" according to the Photonics Dictionary ( www.photonics.com ) as "A 
device with characteristics of selective transmittance, capable of passing a certain part of the 
electromagnetic spectrum while being opaque to the other portions." Hence, the filter of Nozaki 
et al. is a color filter even though it is an I R filter. 

Conclusion 

7. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutoi'y period for reply to this final action is set to expire THREE 
MONTHS fi'om the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutoiy period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
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CFR 1 . 136(a) will be calculated fi*om the mailing date of the advisory action. In no event, 
however, will the statutoiy period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications fi'om the 
examiner should be directed to Stephen Yam whose telephone number is (703)306-3441. The 
examiner can normally be reached on Monday-Friday 8:30am-5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Porta can be reached on (703)308-4852. The fax phone number for the 
organization where this application or proceeding is assigned is (703)308-7724. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703)308-0956. 
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21, a first amorphous photovoltaic 
element having a PIN structure 22-24 
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28-30 formed on the transparent 
Insulation layer. The two elements have 
different frequency responses. 
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SPECIFICATION 
Color sensor 

5 Background of The Invention 

Field of the Invention 

This invention relates to a color sensor, and 
more particularly to a color sensor composed by 
10 utilizing the photoelectric effect of an annorphous 
solar ceil which Is a photovoltaic elenr^ent. 

Description of the Prior Art 
When light is irradiated to a semiconductor sub- 

15 strata having a PN junction, excessive carriages are 
generated by luminous energy hv. The electrons 
and holes generated drift to the N-type region and 
P-type region, respecth^ely, and while the PN junc- 
tion is opened, voltage is detected by the amount 

20 equivalent to the variation of the Fermi level, and 
when it is short-circuited, short-circuit current 
flows in the direction of P-type to N-type. A semi- 
conductor device which utilizes such a photoelec- 
tric transducing mechanism has been widely used 

25 as a photo transistor, a photo diode, a solar cell or 
the like. 

When light is irradiated to a semiconductor sub- 
strate as described above, the absorption coeffi- 
cient of light largely depends on wavelength, 

30 though the degree of dependence varies according 
to the materials of the substrate such as Si or Ge. 
Light of a short wavelength, which has large lumi- 
nous energy, is absorbed in the vicinity of the sur- 
face of the semiconductor substrate, thereby 

35 generating electron-hole pairs, while light of a long 
wavelength reaches a comparatively deep portion 
and is absorbed there. 

On the basis of this principle, a semiconductor 
color sensor which is composed of a single-crystal 

40 Si chip having receptor elements formed in a dou- 
ble structure therein, and utilizes the thickness of 
Si as a filter or uses a specific filter has been pro- 
posed and put into practice (Japanese Patent Laid- 
Open No. 16494/1980). 

45 Fig. 5 Is a schematic view of the structure of a 
conventional color sensor which uses a single- 
crystal silicon and Fig. 6 is an equivalent circuit 
diagram of the sensor shown in Fig. 5. In these fig- 
ures, the referential numeral 1 denotes a P layer, 2 

50 an n layer, 3 a P layer, and 4, 5 and 6, respectively, 
electrodes. 

As it is clear from the figures, the color sensor 
shown in Fig. 5 is a semiconductor color sensor of 
a type which uses as a filter the thickness of Si of a 

55 single-crystal silicon chip having a receptor ele- 
ment formed in a double structure therein, and uti- 
lizes the difference in spectral sensitivity 
characteristics between a shallow junction type 
photo diode D1 and a deep junction type photo 

60 diode D2. As is described above, the shallow junc- 
tion type photo diode D1 has large sensitivity to 
light of a short wavelength, while the deep junc- 
tion type photo diode has large sensitivity to light 
of a long wavelength. By utilizing the fact that the 

65 ratio of short-circuit currents of the two photo 
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diodes D1 and D2 corresponds to wavelength by 1 
to 1, the color sensor shown In Fig. 5 can discrimi- 
nate the color of the light which has entered from 
the upper surface of the color sensor. 

70 In the single-crystal color sensor shown in Fig. 5, 
however, it is necessary to make the thickness of 
the silicon semiconductor layer ordinarily more 
than 10fxm in order to obtain a desired sensitivity 
to wavelength (300 to 800 nm), and furthermore, a 

75 temperature not lower than I^OOOX is required for 
treatment of doping of impurities and thus the 
manufacturing process is complicated. 

On the other hand, a color sensor has been pro- 
posed which uses an amorphous singie-crystal sili- 

80 con and color filters in combination therewith 
which can be formed at a comparatively low tem- 
perature (300 to 400''C) and has a thin layer as 
compared with a single-crystal silicon. Fig. 7 Is a 
schematic view of an example of the structure of a 

85 conventional color sensor using amorphous silicon 
and Fig. 8 is an equivalent circuit diagram of the 
sensor. In these figures, the referential numeral 1 1 
represents amorphous silicon, 12 a transparent 
conductive film, 13 a glass substrate, 14 to 16 color 

90 filters corresponding to R, G, and B, respectively, 
and 17 to 20, respectively, electrodes. 

This color sensor can discriminate the color of 
the light which has entered from the filter side on 
the basis of the output of each photo diode corre- 

95 spending to each color filter. 

Such a color sensor as shown in Fig. 7 using 
amorphous silicon, however, is defective in that 
though it Is possible to make the thickness of sili- 
con smaller, it is necessary to use three kinds of 
100 color filters, and the output of a filter is apt to vary 
depending upon the incident angle of light in rela- 
tion to the color filter and is sensitive to the influ- 
ence of stray light. 
Accordingly, it is an object of the invention to 
10B eliminate the above-described defects and to pro- 
vide a color sensor which has a thinner silicon 
layer, dispenses with the need for a specific color 
filter and can be produced by a simple manufactur- 
ing process. 

110 This invention is based on the unexpected find- 
ing that the device obtained by forming a receptor 
element in a double structure in an amorphous sili- 
con semiconductor layer having a PIN structure ex- 
hibits wavelength dependency characteristics 

115 approximately equal to those of such a conven- 
tional single-crystal silicon device composed of a 
double receptor element as is shown in Fig. 5, in 
spite of having being very much thlcnner than the 
conventional one. This phenomenon may be Inter- 

120 preted to be based on the fact that the light ab- 
sorption coefficient of amorphous silicon is 
remarkably large compared with that of single- 
crystal silicon. 

1 25 Summary of tfte invention 

To achieve the above-described aim, this inven- 
tion provides a color sensor comprising: 
a substrate; 

a first amorphous photovoltaic element having a 
130 PIN structure which is formed on the substrate; 
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a transparent insulated layer formed on the first 
annorphous photovoltaic element; and 
a second amorphous photovoltaic element having 
a PIN structure which is formed on the transparent 
5 insulation layer. 

In a color sensor according to the invention, 
which Is composed of amorphous photovoltaic ele- 
ments, the thickness of a semiconductor layer can 
be formed very much thinner than that of a con- 

10 ventional semiconductor color sensor. Further- 
more, since It Is unnecessary to use a specific color 
filter and It is possible to compose the color sensor 
by low-temperature treatment, the manufacturing 
process Is simplified as compared with a conven- 

15 tional one, resulting In an easy and low-cost pro- 
duction. Such a color sensor is effective for color 
discrimination of colored paper, reading of color 
codes, color examination of pigments and dyes, 
color discrimination of thread and yarn, adjustment 

20 of color balance in television, color adjustment of 
color copy, color detection of other objects, meas- 
urement and control of color temperature and 
wavelength of light source, and the like. 

25 Brief description of tfie drawings 

Figure / is a schematic view of the structure of 
an embodiment of a color sensor according to the 
invention; 

Figure 2 is an equivalent circuit diagram of the 
30 embodiment shown in Figure 1; 

Figure 3 shows the spectral sensitivity character- 
istics of a color sensor according to the invention; 

Figure 4 shows the dependency of the ratio of 
short-circuit current on wavelength; 
35 Figure 5 is a schematic view of the structure of a 
conventional color sensor; 

Figure 6 is an equivalent circuit diagram of the 
color sensor shown In Figure 5; 
Figure 7 is a schematic view of the structure of 
40 another conventional color sensor; 

Figure 8 Is an equivalent circuit diagram of the 
color sensor shown In Figure 7; and 

Figure 5 Is a graph showing the relationship be- 
tween the thickness and the maximum absorption 
45 wavelength of an amorphous photovoltaic element 
used for this Invention. 

Description ofttie preferred embodiment 
As a substrate of a sensor according to the in- 
50 vention, a glass plate or a stainless steel plate is 
suitable. 

An amorphous photovoltaic element of a PIN 
structure in this embodiment denotes an element 
composed of a P-type amorphous semiconductor 

55 layer and an N-type amorphous semiconductor 
layer with what is called an l-type amorphous sem- 
iconductor layer Inserted therebetween. The l-type 
amorphous semiconductor layer is preferably as 
thick as possible In comparison with the P-type 

60 and N-type layers. 

A first amorphous photovoltaic element is over- 
laid with a second amorphous photovoltaic ele- 
ment through a transparent insulated layer of SiO? 
or the like which is formed by deposition or the 

65 like. The thickness of the insulated layer is prefera- 



bly about 0.005 to 0.1 {xm. 

Each of the amorphous photovoltaic elements 
can be produced under ordinary conditions. That 
is, it can be produced by a repetition of the steps 
of: introducing material gas for manufacturing a 
semiconductor under a vacuum (0.1 to 3 Torr); 
subjecting the material gas to plasma decomposi- 
tion by plasma generated by a discharge power of 
0.02 to 2 W cm"'; and depositing the semiconduc- 
tor film on a substrate which Is heated to 150 to 
300X. 

Gas having lower alkylsilane such as monosilane 
and disllane as the main Ingredient, diborane as an 
impurity source, and containing hydrogen and ar- 
gon, will be cited as an example of material gas for 
manufacturing a P-type semiconductor layer. As an 
example of material gas for manufacturing an N- 
type semiconductor layer, gas having lower alkylsi- 
lane as the main ingredient and phosphine as an 
impurity source and containing hydrogen will be 
cited. Gas having lower alkylsilane as the main in- 
gredient and containing hydrogen is to be men- 
tioned as an example of material gas for 
manufacturing an l-type semiconductor layer. 

A compound semiconductor such as Ga-As sem- 
iconductor and In-P semiconductor may also be 
used. 

The thickness of the entire semiconductor layer — 
composed of the first and second amorphous pho- 
tovoltaic elements is variable according to the 
wavelength range of light utilized for detection, es- 
pecially according to the limit relative to a long 
wavelength, but with respect to ordinary light of a 
wavelength of 300 to 800 nm, a thickness of about 
one to several pim is sufficient, and preferably 1 to 
2 fxm. In relation to this, the relationship between 
the thickness and maximum absorption wave- 
length of the I layer of a silicon photovoltaic ele- 
ment to be used for this invention is shown in 
Rguro 9. In the Figure, the abscissa represents the 
wavelength of light which enters and the ordinate, 
on the logarithm scale, the thickness of the I layer 
which absorbs half the quantity of the light which 
enters. Accordingly It is suitable to set the posi- 
tions (depths) on the substrate where the first and 
second photovoltaic elements are to be formed by 
reference, for example, to Figure 9 such that re- 
spective desired long and short wavelengths are 
absorbed to the maximum content. 

Incidentally, when light of such a long wave- 
length is taken into consideration, a conventional 
single-crystal semiconductor requires a thickness 
of about ten to several tens um, but in this inven- 
tion about one to several \lvt\ is sufficient, as de- 
scribed above. That is, this invention enables the 
thickness of the semiconductor layer to be very 
much thinner than the prior art. 

The polarities PIN or NIP of both laminated pho- 
tovoltaic elements may be the same or opposite. 
The color of light which enters may be discrimi- 
nated by utilizing the difference of outputs or ratios 
of outputs of both photovoltaic elements, and 
thereby an appropriate circuit may be composed. 

Hereinunder an embodiment of the invention will 
now be explained with reference to the accompa- 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



130 



11/17/2003, EAST Version: 1.4.1 



3 



GB 2 166 289 A 



3 



nylng drawings. 

Figure 1 shows the structure of an embodiment 
of the Invention. 
In Figure 1, the referential numeral 21 represents 

5 a conductive substrate or an insulated substrate 
having a conductive thin film thereon, 22 an amor- 
phous silicon P (or N) layer, 23 an amorphous sili- 
con I layer, 24 an amorphous silicon N (or P) layer, 
25 a transparent conductive film, 26 a transparent 

10 insulated film, 27 a transparent conductive film, 28 
an amorphous silicon P (or N) layer, 29 an amor- 
phous silicon I layer, 30 an amorphous silicon N 
(or P) layer, 31 a transparent conductive film, and 
32, 33, 34 and 35, respectively, electrodes. On the 

15 substrate 21, the following layers are formed in 
lamination in the order given: the amorphous sili- 
con P(or N) layer 22 having a thickness of about 
0.05 fxm and being doped with boron (or phospho* 
rous); the amorphous silicon I layer 23 having a 

20 thickness of about 0.5 |xm and which is not doped 
at all or which is doped with a minute amount of 
boron; the amorphous silicon N (or P) layer 24 
having a thickness of about O.OBjjLm and being 
doped with phosphorous (or boron); the transpar- 

25 ent conductive film 25; the transparent insulated 
film 26; the transparent conductive film 27;Jhs_ 
amorphous silicon P (or N) layer 28 having a thick- 
ness of about 0.05 jxm and being doped with bo- 
ron (or phosphorous); the amorphous silicon I 

30 layer 29 having a thickness of about 0.5 fx and 
which is not doped at all or which is doped with a 
minute amount of boron doped; t he amorphous 
silicon N (or P) (aver 30 h aving a thickness of 
about 0.05 jxm and being doped with phosphorous 

35 (or boron); and the conductive film 31. The elec- 
trode 32 Is formed on the substrate (conductive) 
21, the electrode 33 on the transparent film 25, the 
electrode 34 on the transparent film 27, and the 
electrode 34 on the transparent conductive film 31. 

40 In the above structure, a first amorphous photo- 
voltaic element (photo diode) PD2 of a PIN struc- 
ture and consisting of an amorphous solar cell is 
composed of the P(or N) layer 22, the I layer 23 
and the l\J (or P) layer 24, and a second amorphous 

45 photovoltaic element (photo diode) PD1 of a PIN 
structure and consisting of an amorphous solar cell 
Is composed of the P(or N) layer 28, the I layer 29 
and the N (or P) layer 30. In the amorphous color 
sensor shovv^n in Figure 1 the two separate amor- 

50 phous photovoltaic elements PD1 and PD2 consti- 
tute one chip, the equivalent circuit of which is 
shown in Figure 2. 

The operation of the embodiment of a color sen- 
sor according to the invention shown in Figure 1 

55 will next be explained. 

Referring to Figure 1, when light (L) enters from 
the side of the transparent conductive film 31, the 
short wavelength sensitivity becomes large in the 
photo diode PD1, which is closer to the light re- 

60 ceiving surface, and in the photo diode PD2, which 
is closer to the substrate, the long wavelength sen- 
sitivity becomes large These spectral sensitivity 
characteristics are shown in Figure 3. 
If the short-circuit currents generated when the 

65 photo diodes PDl and PD2 receive light are repre- 



sented by and i^^, respectively, the dependency 
of the ratio of currents \^y/\tc2 upon wavelength is 
as shown in Figure 4. That is the ratio of short-cir- 
cuit currents Ui/Uz has one-to-one correspondence 

70 with respect to wavelength. Accordingly, it is pos- 
sible to determine the wavelength of light which is 
received based on the characteristics shown In Fig- 
ure 4, by measuring the short-drcuit currents of 
the photo diodes PDl and PD2 which flow when 

75 the photo diodes receive the light having a certain 
color, and obtaining the ratio of currents Ui/I,e2. 

CLAIMS 

80 1. A color sensor comprising: 
a substrate; 

a first amorphous photovoltaic element having a 
PIN structure which is formed on the substrate; 
a transparent insulated layer formed on the first 
85 amorphous photovoltaic element; and 

a second amorphous photovoltaic element having 
a PIN structure which is formed on the transparent 
Insulation layer. 

2. A color sensor of claim 1 in which the first or 
90 second amorphous photovoltaic element Is com- 
posed of an amorphous silicon P layer, an amor- 
phous silicon 1 layer and an amorphous silicon N 
layer. 

3. A color sensor of claim 1 in which the total 
95 thickness of the first amorphous photovoltaic ele- 
ment, the transparent insulated layer and the sec- 
ond amorphous photovoltaic element is one to 
several (im. 

4. A color sensitive semiconductor structure 
100 comprising first and second photosensitive semi- 
conducting elements arranged one overlying the 
other, each of said elements comprising overlying 
layers of opposite semiconducting material types 
separated by an insulating layer, the structure 

105 being so arranged that elements exhibit photosen- 
sitive responses with different frequency ranges. 

5. A structure according to claim 4 wherein said 
elements are separated by a transparent insulating 
layer. 

110 6. A color sensor substantially as herein de- 
scribed with reference to Figures 1 to 4 of the ac- 
companying drawings. 
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